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PSYCHOBIOLOGIC RESEARCH IN
POST-TRAUMATIC STRESS
DISORDER

Steven M. Southwick, MD, Douglas Bremner, MD,
John H. Krystal, MD, and Dennis S. Charney, MD

During World War 1, the term shell shock was used to describe symptomatic
veterans who returned from war in a hyperaroused, vigilant, and agitated state.
It was believed by some that brain structure was actually altered by the physical
shock from exploding shells. In 1918, Meakins and Wilson, in a laboratory
setting, exposed shell-shocked veterans to gunfire and sulfuric flames. Compared
with healthy controls, the shell-shocked veterans showed exaggerated increases
in heart rate and respiratory rate. Similarly, when Fraser and Wilson* adminis-
tered intravenous epinephrine to combat soldiers with shell shock, they also
showed augmented arousal responses with marked increases in heart rate, blood
pressure, and subjective anxiety.

In the 1940s, Kardiner® coined the term physioneurosis to describe the physi-
ologic hyperarousal resulting from severe psychological trauma. For Kardiner,

s i : s e
this was a neurosis with a profound underlying physiologic basis. Similarly,

Grinker and Spiegel? described a “chronic stimulation of the sympathetic ner-
vous system’” that made individuals “‘react as if they had received an injection of
adrenaline.” In fact, some clinicians and researchers were so convinced that
symptoms of combat neurosis were caused by altered catecholamine function
that bilateral denervation of the adrenal glands was advocated as a form of
treatment for highly symptomatic war veterans.”

After World War 11, interest in the biologic basis of traumatic stress seemed
to diminish. In 1980, however, when post-traumatic stress disorder (PTSD) was
included in DSM-III as a formal psychiatric disorder, biologic studies began to
increase in frequency. Since 1980, psychophysiologic, hormonal, neurotransmit-
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ter, receptor binding, electrophysiologic, and brain imaging studies have all
contributed to our current understanding of the biologic underpinnings of PTSD.
In this article, we primarily focus on hormone and neurotransmitter dysreg-
ulation in PTSD. We then focus on three biologic processes that appear to be
particularly relevant to PTSD. These include fear-conditioning, behavioral sensi-
tization, and neural mechanisms involved in learning and memory. Finally, we
discuss implications for therapy. Because this article is brief, we address only a
portion of what is now known about the neurobiology of traumatic stress.

NEUROBIOLOGIC RESPONSE TO DANGER

When an organism is threatened, multiple neurobiologic systems become
activated. It has been hypothesized that the parallel activation of various brain
regions and neurotransmitter systems represents an adaptive response that is
critical for survival.? The behavioral effects of these activated systems are com-
plicated and incompletely understood. There is accumulating evidence, however,
to suggest that a variety of neurotransmitters and hormones are important me-
diators in the development of anxiety and fear as well as the subsequent behav-
ioral fight or flight responses that protect the organism from impending danger.
More specifically, norepinephrine appears to play an important role in orienting
to novel stimuli, selective attention, hypervigilance, autonomic arousal (ie., in-
creased blood pressure and pulse), and fear.* Secretion of cortisol stimulates the
activation of metabolic processes necessary for sustained physical demands and
tissue repair. The release of opiates tends to increase pain threshold, particularly
when injury has occurred.” 7 The resultant diminished sensation of pain allows
the organism to focus its attention on a variety of behaviors that are necessary
for survival. Norepinephrine and opiates also play a critical role in the encoding
of memories that may aid in recognition and response to future dangers.>® >

It is important to note that other neurotransmitter systems, including the
serotoninergic, dopaminergic, and benzodiazepine systems, are also critically
involved in the fight-flight response.” ' % Further, because neurotransmitter sys-
tems are closely interrelated, it is difficult, if not impossible, to determine accu-
rately the specific behavioral effects of a single neurotransmitter system. For
example, the corticotropin-releasing hormone and noradrenergic systems appear
to modulate one another during acute stress. Norepinephrine turnover is in-
creased in several forebrain areas by intracerebral ventricular infusion of corti-
cotropin-releasing factor and stressors that activate norepinephrine (NE) neurons
markedly increase corticotropin-releasing factor concentrations in the locus coe-
ruleus. Thus, during acute stress, the hypothalamic-pituitary-adrenal (HPA) and
NE systems may participate in a mutually reinforcing feedback loop.***

Although the acute neurobiologic response to trauma generally serves a
protective role, it appears that chronic responses, for some individuals, may
become maladaptive. For example, it has been suggested that PTSD-related
symptoms, such as chronic hyperarousal, recurrent intrusive memories, impul-
sivity, and numbing, develop in response to trauma-induced dysregulation of
multiple neurobiologic systems.! Dysregulated neurotransmitter systems may
even help to explain the high rates of substance abuse among individuals with
PTSD.

NOREPINEPHRINE

Noradrenergic brain systems appear to play a role in vigilance, selective
attention, and orienting behaviors.* Further, they are important mediators of
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cardiovascular responses to life-threatening situations. Stressful or fearful stimuli
of many types produce marked increases in central and peripheral NE. Selective
regional increases in NE turnover and release have been observed in the locus
coeruleus, limbic regions (hypothalamic, hippocampus, and amygdala), and the
cerebral cortex.’>#”-# The locus coeruleus is particularly relevant to catecholamine
systems because it contains the majority of the brain’s nonadrenergic cell bodies.
An example of stress-induced noradrenergic activation comes from a study in
freely moving cats, in which confrontation with threatening stimuli, such as a
dog or an aggressive cat, causes a twofold to threefold increase in locus coeruleus
firing, whereas confrontation with a nonthreatening novel stimulus, such as a
mouse, causes no specific increase in activation.*®

Although it is normal for NE to increase under conditions of acute stress,
there is emerging evidence demonstrating that certain types of stress, especially
uncontrollable stress, can cause chronic maladaptive alterations in catecholami-
nergic systems. For example, a series of preclinical investigations have shown
that uncontrollable stress can cause a chronic increased responsivity of locus
coeruleus neurons to excitatory stimulation.””-” The increased responsivity has
been associated with alpha,-adrenergic receptor subsensitivity as well as de-
creased postsynaptic beta-adrenergic receptor number **

Clinical investigators also have noted an association between noradrenergic
activity, sympathetic nervous system dysregulation, and symptoms of severe
stress. Over the past 15 years, heightened sympathetic nervous system arousal
has been repeatedly documented in combat veterans suffering from PTSD. Ex-
aggerated increases in heart rate during exposure to visual and auditory combat-
related stimuli have been reported in combat veterans compared with normal
controls, combat veterans without PTSD, and combat veterans with anxiety dis-
orders other than PTSD. Further, hyperreactive responses appear relatively spe-
cific to combat-related stressful stimuli. Whether mean heart rate and blood
pressure is higher in PTSD patients during the resting or baseline state currently
is unclear as study results have been mixed and inconclusive. Taken together,
the aforementioned physiologic studies suggest that some individuals are more
susceptible than others to develop sympathetic nervous system dysregulation
when exposed to combat and that noradrenergic reactivity in patients with PTSD
may become sensitized or conditioned by specific trauma-related stimuli.®®

More direct biochemical studies have also provided strong support for nor-
adrenergic dysregulation in PTSD. Kosten et al* found higher urinary 24-hour
NE excretion in combat veterans with PTSD than in veterans with major depres-
sion or schizophrenia. This finding has been replicated in one study® but not in
another.®® In contrast to urine studies, investigations of plasma NE have found
no differences between Vietnam veterans with PTSD and healthy controls.* ¥
Perry et al”” reported a down-regulation of platelet alpha,-adrenergic receptors in
a group of patients with PTSD. It was thought that the 40% decrease in receptor
number was most likely a response to chronic elevation of circulating catechola-
mines. Compared with healthy controls, Lerer et al noted lower basal and lower
isoproterenol-stimulated and forskolin-stimulated cyclic adenosine monophos-
phate transduction in combat veterans with PTSD. Finally, platelet monoamine
oxidase activity was found to be lower in 23 subjects with PTSD and alcoholism
when compared with 19 age-matched controls.!”

In the first study to evaluate simultaneously psychophysiologic reactivity
and peripheral catecholamines in combat veterans with PTSD, McFall et al*
found a parallel rise in blood pressure, heart rate, subjective distress, and plasma
epinephrine during and after a combat film. The parallel rise suggested that
elevations of circulating catecholamines were related to hyperreactive physio-
logic responses. Similarly, Blanchard et al® found an increase in plasma NE after
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exposure to traumatic reminders in Vietnam combat veterans but not in healthy
controls.

Although most studies of noradrenergic function in PTSD have used periph-
eral measures of catecholamine metabolism, four investigations have provided
preliminary evidence for central noradrenergic dysregulation. Rainey et al,”* in
an intravenous lactate study of seven Vietnam veterans with PTSD, found that
six of seven had panic attacks, and all seven had flashbacks in response to lactate.
It was not possible to determine whether the attacks were manifestations of
PTSD, panic disorder, or both because all six of the patients who had panic
attacks with intravenous lactate also met comorbid criteria for panic disorder.
Although the precise mechanism of lactate is not known, central noradrenergic
dysregulation has been suggested.

Dinan et al® in a study of eight traumatized women compared with
matched controls, found no difference in growth hormone response to desipra-
mine. The desipramine-growth hormone challenge is generally thought to be a
probe of postsynaptic alpha,-adrenergic receptor function. Hansenne et al® re-
ported on the growth hormone response to intravenous clonidine as an index of
noradrenergic function in PTSD. In a 20-year-old car accident victim with PTSD,
the growth hormone response to intravenous clonidine was blunted. After suc-
cessful treatment with relaxation, guided imagery, and implosive techniques, a
repeat clonidine challenge test showed a normal growth hormone response. The
authors note that the initial blunted growth hormone response suggests height-
ened noradrenergic sensitivity with a possible down-regulation of noradrenergic
receptors in symptomatic patients with PTSD. Normalization of the growth hor-
mone response after improvement of PTSD symptoms further indicated that the
noradrenergic disturbance was related to PTSD-specific symptoms.

Finally, as predicted from preclinical data, intravenous yohimbine caused an
enhanced increase in behavioral, cardiovascular, and biochemical responses
among 20 traumatized combat veterans with PTSD compared with healthy con-
trols.® Although yohimbine affects multiple neurotransmitter systems, its pri-
mary effect is on the noradrenergic system, where it acts as an alpha,-adrenergic
receptor antagonist. Infusion of yohimbine causes a brief decrease in presynaptic
negative feedback, with a resultant increase in the release of NE. In the PTSD
group, 70% experienced a panic attack and 40% a flashback on their active
yohimbine day. This finding contrasts with reports involving patients with
schizophrenia, major depression, obsessive-compulsive disorder, and generalized
anxiety disorder, in whom yohimbine rarely causes panic attacks.* The 70%
panic attack rate in PTSD patients, however, closely resembles the experience in
panic disorder patients, leading to the possibility that PTSD and panic disorder
share a common neurobiologic abnormality related to the noradrenergic system.*
Because yohimbine-induced panic attacks were experienced by PTSD patients
both with and without comorbid panic disorder, comorbid panic disorder could
not solely account for the response seen among the PTSD patients. In the aggre-
gate, the aforementioned studies point to an increased responsivity of the sym-
pathetic nervous system in severely traumatized combat veterans with PTSD.
This responsivity appears to be more easily detected when the individual is
stressed or stimulated than during basal resting states.

HYPOTHALAMIC-PITUITARY-ADRENAL AXIS

Many types of acute stress cause increases in adrenocorticotropic hormone
(ACTH) and cortisol.*® Although NE appears to prepare the organism for action,
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it is generally believed that cortisol serves a metabolic preservative function.
Glucocorticoids also exert negative feedback on the HPA axis that maintains
hormone levels within a nontoxic range. In animals, it has been shown that
excessive elevation of glucocorticoids may have neurotoxic effects on hippocam-
pal neurons, possibly leading to chronic learning deficits.”*® Possibly consistent
with this finding, patients with combat-related PTSD have been found to have
deficits in short-term memory compared with matched controls.?

Although the HPA axis becomes activated during acute stress, the typical
response to chronic stress is less clear. Some investigators have reported de-
creased secretion of ACTH and cortisol, whereas others have found augmented
secretion. * * Currently it is not known under which specific conditions aug-
mentation occurs as opposed to adaptation. There is evidence, however, to sug-
gest that prior stress, intensity of stressor, and novelty of stressor may be impor-
tant factors." '** For example, in chronically stressed rats, Irwin et al** reported
augmented cortisol responses to stressors, particularly in animals with prior
histories of stress, and Mason® found in primates an increased glucocorticoid
response to chronic stress when the intensity of the stressor was increased or
when a novel acute stressor was superimposed on a chronic stressor.

In humans, two of three studies have reported diminished mean 24-hour
urinary excretion of cortisol in patients with PTSD compared with normal con-
trols and patients with other psychiatric disorders.> %% Alterations in lympho-
cyte glucocorticoid number and cortisol response to dexamethasone also have
been found in patients with PTSD. Yehuda et al*® reported a greater number of
lymphocyte glucocorticoid receptors and an exaggerated cortisol response to
dexamethasone in combat veterans with PTSD compared with normal controls.
After ingesting 0.5 mg (half the normal dose) of dexamethasone, combat veterans
with PTSD had significantly lower cortisol responses than normal controls.” This
finding agreed with four other standard 1-mg dexamethasone studies that failed
to show nonsuppression in PTSD patients who did not meet comorbid criteria
for major depression.” In the aggregate, the aforementioned studies point to a
possible increase in glucocorticoid receptor responsivity (an enhanced negative
feedback) perhaps at the level of the hypothalamus or pituitary. Such heightened
negative feedback might explain diminished basal cortisol excretion, enhanced
suppression of cortisol by dexamethasone, and Smith et al’s”™ finding of blunted
ACTH response to corticotropin-releasing factor in PTSD patients with normal
(not abnormally high) circulating levels of cortisol” Importantly the HPA axis
findings in PTSD differ markedly from those reported in patients with major
depression, suggesting that the two disorders differ with regard to underlying
biologic pathophysiology.

OPIATES

Similar to glucocorticoids and NE, levels of endogenous opioids increase
markedly during acute uncontrollable stress. This release of opiates appears to
cause a substantial degree of analgesia in both animals and humans2 2 ® A
relationship between stress, opiates, and analgesia is supported by the fact that
stress-induced analgesia can be blocked by the administration of an opiate antag-
onist, naltrexone hydrochloride - ™ There is also evidence to suggest that
analgesia accompanies neutral stimuli that previously have been paired with
aversive stimuli.

Under conditions of chronic stress, the response of the endogenous opiate
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system is less well understood. On the one hand, there is evidence pointing to a
continued augmentation of the opiate system over time. It appears that sensiti-
zation of the opiate system can occur so diminished levels of stress continue to
cause substantial analgesia.*® Similarly, in chronically stressed Vietnam combat
veterans with PTSD, Pitman et al™® have shown that pain threshold is significantly
increased after viewing combat films. When pretreated with naloxone, film-
induced analgesia is no longer observed in this population. On the other hand,
in patients with chronic PTSD, there is also evidence for diminished opioid
activity with lower basal levels of beta-endorphins and met-enkephalins>-*

It is unclear whether alterations in endogenous opioids contribute to the
symptoms seen in PTSD. Certainly elevated levels of opioids during acute stress
likely contribute to the observation that pain is often muted during the acute
stages of an injury. In fact, some combat veterans report feeling little or no pain
when wounded in battle. With regard to chronic PTSD, it has been hypothesized
that dysregulation of endogenous opioids may contribute to avoidance and
numbing symptoms.'>7°

FEAR CONDITIONING

When Kardiner and Spiegel® first described combat-related physioneurosis,
they suggested that conditioning played a role in the exaggerated startle response.
Similarly, Dobbs and Wilson* noted a “remarkable similarity” between the ef-
fects of fear conditioning in animals and the responses seen in veterans with
severe war neuroses. More recently, numerous other investigations®™ ™ have
elaborated on the role of classic conditioning or what Kolb® has called the
conditioned emotional response in the development of PTSD symptoms.

If an individual experiences a life-threatening trauma, a wide variety of
stimuli that were present at the time of the trauma can become conditioned to
the attendant feelings of terror and extreme anxiety. As a result, previously
neutral stimuli now become capable of evoking these same feelings of terror. For
example, the smell of burning firewood, a neutral stimulus, can become a condi-
tioned stimulus for an individual who has lived through a life-threatening fire.
After the fire, the smell of burning wood no longer evokes feelings of comfort
and peace but instead of fear and terror. Both specific and nonspecific cues (such
as the location of the trauma or the time of the trauma) that are associated with
the traumatic event are capable of becoming conditioned stimuli. It also appears
that stimuli similar to those associated with the trauma (stimulus generalization)
can at times become conditioned stimuli. Further, it is additionally possible for a
conditioned stimulus to condition other neutral stimuli that are present when the
conditioned stimulus evokes a state of terror or fear (higher order conditioning).
The end result may be an individual who becomes fearful and anxious in re-
sponse to a wide variety of stimuli.t*~*>

A particularly useful model for studying fear conditioning has been the fear-
potentiated acoustic startle paradigm. In this paradigm, fear and conditioned fear
are measured by changes in a simple brain stem and spinal cord reflex—the
acoustic startle reflex. The work of Davis® and others has shown that the central
nucleus of the amygdala plays a critical role in fear conditioning. Noradrenergic,
dopaminergic, opiate, corticotropin-releasing, and NMDA (N-methyl-D-aspar-
tate) receptor-mediated neurochemical systems all appear to be involved.™ *

In humans, the abnormal startle response is a diagnostic criterion within the
hyperarousal symptom cluster of DSM-III-R PTSD. Butler et al,’ in a study of
combat veterans with PTSD, found acoustic startle amplitude to be elevated in
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response to moderate but not low or high levels of startle stimuli. Shalev et al™
found no evidence of exaggerated startle in Israeli combat veterans with PTSD.
As noted by Morgan et al (submitted for publication), however, alterations in
startle amplitude may not clearly be seen in patients with PTSD during baseline
resting states but may instead become evident during states of conditional fear.
Paige et al’s* finding of an auditory-induced reduction in cortical evoked poten-
tials may further point to chronic abnormalities in arousal among severely trau-
matized veterans with PTSD.

SENSITIZATION AND STRESS SENSITIVITY

Animals that have been exposed to extreme uncontrollable stress often ex-
hibit what has been termed behavioral sensitization. Behavioral sensitization refers
to an enhancement of response magnitude following repeated presentations of
stimuli. The time interval between the initial stimulus and subsequent stimuli
appears to be an important variable. If sufficient time has passed between the
initial presentation and subsequent re-exposure, a single stressful stimulus can
elicit behavioral sensitization.?

Numerous brain regions and neurochemical systems have been implicated
in the development of behavioral sensitization. Most extensively studied have
been catecholamine systems. When animals are exposed to repeated stressors,
dopamine beta-hydroxylase activity, tyrosine hydroxylase, and synaptic levels of
NE all increase.® % ¢ As a result, when animals that have been repeatedly
shocked are exposed to limited shock, they respond as if the shock were much
greater and release an amount of NE that is appropriate for a larger shock. Thus
over time, repetitive shock appears to cause a compensatory increase in NE
synthesis and subsequent release. Similarly, exposure to a potent stressor,
whether single or multiple, potentiates the capacity of a subsequent stressor to
increase dopamine formation in the forebrain.!"-*

Clinically, increased arousal, hypervigilance, insomnia, poor concentration,
autonomic hyperreactivity, and exaggerated startle are all seen in patients with
chronic PTSD. For some patients, these symptoms do not diminish over time but
instead increase in magnitude. It has been suggested that this increase in magni-
tude may constitute a form of behavioral sensitization. Solomon and
colleagues® ® in a study of Israeli combat soldiers who fought in two successive
wars, found that soldiers who developed acute combat stress reactions during
the first war were more likely to become symptomatic during the second war
than were soldiers who did not develop symptoms during the first war or new
recruits who had never been in battle. Additionally, there is evidence to suggest
that combat veterans who have been traumatized in childhood are more likely to
develop PTSD after combat exposure than those who previously have not been
traumatized.’

Behavioral sensitization may also occur in response to conditioned stimuli
that previously have been paired with unconditioned stressors. Thus, neutral
stimuli that have been paired with unconditioned inescapable shock are capable
of causing increases in brain catecholamines and behavioral responses similar to
those elicited by the original shock. For example, in freely moving cats, it has
been shown that both aversive stimuli and neutral stimuli are capable of increas-
ing locus coeruleus firing.”

MEMORY

PTSD is in large part a disorder of memory. Intrusive recollections of trauma
in the form of recurrent daytime memories, nightmares, and flashbacks are char-
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acteristic of the disorder. These intrusive recollections often remain vivid for the
lifetime of the individual and can be reawakened or triggered by a variety of
stimuli. Most individuals suffering from PTSD find these intrusive recollections
highly distressing and in some cases tormenting. As one combat veteran put it,
“it's bad enough that I had to go to Vietnam, in the first place, but to live through
it over and over again is just too much.”

Why are the memories associated with trauma so vivid and in some cases
apparently indelible? The answer is extremely complex. Psychological, social,
and biologic factors are all undoubtedly involved. From a neurobiologic perspec-
tive, animal studies have shown that fear and danger mobilize multiple neurobio-
logic systems. Several of these systems release neuromodulators that strongly
influence the process of memory encoding and consolidation. Epinephrine, NE,
and opioid peptides are three such neuromodulators.® * For example, if low-
dose adrenaline is administered to rats immediately after training, long-term
memory or retention is enhanced.®* % An elegant body of preclinical work has
shown that epinephrine and endogenous opioids probably influence memory
consolidation through their effects on NE.*

Where in the brain does this process take place? Again, the question is highly
complex, but it appears that much of short-term memory consolidation takes
place in the hippocampus.*® The role of the hippocampus with regard to long-
term memory, however, is diminished. It appears likely that over time memories
become stored in the same areas of the cortex where sensory impressions were
initially registered.*®

The amygdala has been called a crossroads in the brain where information
from all five senses is brought together and “endowed with emotional mean-
ing.”” The amygdala has rich connections with all cortical sensory systems (e.g.,
sight, smell, taste), with the thalamus, and with the hypothalamus, where it is
believed that emotional responses are largely generated. The amygdala appears
to orchestrate and integrate the complex interactions of sensory information,
emotional tone, and neuromodulation that are necessary for the consolidation of
long-term memory.

Out of the constant stream of sensory stimuli that are encountered every
day, only a small amount of information is attended to and remembered. The
nervous system seems to remember best those events that have an emotional
impact and occur when the organism is alert, aroused, and responsive to its
internal and external environment. Le Doux et al* have postulated that emotional
memories established via thalamo-amygdala pathways may be relatively indeli-
ble. Pitman® has postulated that traumatic events cause an overstimulation of
endogenous stress-response hormones and neuromodulators and that these sub-
stances cause an overconsolidation of memory or a superconditioning. This over-
consolidation may account for subsequent recurrent intrusive memories.

It has been suggested that overconsolidated or indelible memories may have
survival value. For self-preservation, it is critically important to remember events
that occur during an aroused state of alarm that signals danger. Failure to re-
member such situations makes one vulnerable to similar dangers in the future.”
The intrusive nature of memories, nightmares, and flashbacks seen in PTSD may
be an unfortunate side effect or consequence of a neurobiologic mechanism that
essentially serves a protective role. Dangerous situations are remembered but,
unfortunately, in some cases cannot be forgotten.

Although at times these traumatic memories intrude for no apparent reason,
they often occur in response to particular stimuli that evoke the memory. When
an experience is first encoded into memory, all sensory and emotional aspects of
the experience tend to be encoded together. The recalling of one aspect of the
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experience tends to evoke all aspects of the experience. Thus, for example, the
smell of burning wood in a fireplace in West Haven, Connecticut, may evoke the
entire memory of a village burning 20 years ago in Vietnam. Similarly, the sight
of an Asian woman walking down the street may trigger a wartime traumatic
memory involving a brutal death. Of course, with that memory comes the atten-
dant emotional terror.

IMPLICATIONS FOR TREATMENT

Many types of therapy have been used to treat PTSD.*® Although often
helpful, none have been shown to be consistently effective, and no single therapy
has yet emerged as the treatment of choice. This lack of consistent therapeutic
efficacy most likely stems from an incomplete understanding of underlying
pathophysiology. Until the pathophysiology of a disorder is thoroughly under-
stood, it is difficult to develop specific, effective treatments for that disorder.

With regard to pharmacologic treatments, most agents have been chosen for
their known effects in treating the adjunctive symptoms of PTSD, such as depres-
sion and impulsivity, rather than for their effects on core PTSD symptoms, such
as hypervigilance and intrusive memories. Further, these agents have not been
targeted toward specific underlying biologic abnormalities. As a result, most
medications have shown only modest effects in treating PTSD.

Among the most commonly prescribed medications for PTSD are the anti-
depressants. Published reports have been mixed with results ranging from
marked success to little or no effect® In a quantitative review that pooled data
from 15 published antidepressant trials in PTSD (4 case reports, 7 open trials, 4
double-blind, placebo-controlled trials), both phenelzine and imipramine were
found to have little or no effect on avoidance and hyperarousal symptoms. They
did, however, cause significant improvement in re-experiencing symptoms, such
as nightmares and intrusive memories. Surprisingly, coexisting depressive and
anxiety symptoms showed almost no improvement, although these symptoms
were often incompletely assessed. With regard to serotonin reuptake inhibitors,
such as fluoxetine, there is emerging evidence that these drugs may be helpful in
treating both re-experiencing and avoidance symptoms.!® 5 &

Other commonly prescribed medications include benzodiazepines, neurolep-
tics, lithium, and carbamazepine. In general, these medications have been de-
scribed as useful for specific symptoms rather than for PTSD as a whole.? * For
example, lithium and carbamazepine have been used to treat impulsivity. Lith-
ium also has been suggested for mood lability. Neuroleptics have been prescribed
for severe impulsivity and psychotic-like symptoms. Unfortunately, at times
these “’psychotic” symptoms are actually inaccurately diagnosed re-experiencing
or dissociative symptoms, such as flashbacks. Finally, benzodiazepines appear to
be effective for anxiety and sleep disturbances but not for symptoms that are
unique to PTSD. Finally, clonidine and propranalol have been recommended
primarily for symptoms of autonomic arousal and hypervigilance.

SUMMARY

PTSD can be a chronic, devastating disorder for which treatment is only
partially effective. For some, this disorder progressively worsens over time and
appears to affect nearly every aspect of life, including work, interpersonal rela-
tionships, physical health, and view of self. Although generally understood as a
psychological disorder, PTSD also may be viewed from a biologic perspective.
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There is now accumulating evidence to suggest that severe psychological trauma
can cause alterations in the organism’s neurobiologic response to stress even
years after the original insult.

Long-standing alterations in the biologic response to stress may contribute
to a number of complaints commonly expressed by patients with PTSD. For
example, increased sensitivity and sensitization of the noradrenergic system may
leave the individual in a hyperaroused, vigilant, sleep-deprived, and, at times,
explosive state that worsens over time. Being irritable and on edge makes it
difficult to interact with family members, friends, coworkers, and employers. To
quiet these symptoms of hyperarousal, PTSD patients often withdraw and use
substances, particularly central nervous system depressants, that suppress pe-
ripheral and central catecholamine function. Alterations in other neurobiologic
systems may further contribute to multiple symptoms, such as intrusive memo-
ries, dissociation phenomena, and even numbing.

Characterization of the biologic underpinnings of PTSD relies to a large
degree on available neurobiologic technology. Much of what has been discussed
in this article has grown out of advances in physiologic, hormone, and receptor
assay methodology. With further advances in neurobiologic technology, in areas
such as brain imaging, it soon will be possible to better delineate acute and long-
term stress-induced changes in central and peripheral nervous system function-
ing. Undoubtedly a far richer, more complex understanding of neurobiologic
responses and alterations will emerge in the near future. It is believed that an
improved neurobiologic understanding will facilitate the development of more
specific, effective treatments for individuals who have been severely traumatized.
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